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A SCiE [Synthesis of Metal Boride Nanoparticles by RF Thermal Plasmas (78 B EV 7 T X< 2 X 5 4
BT T SR OER) ) L, HELTENN, BT7TETHERIN TN,

% 1% TGeneral Introduction] TiE, BAT T X< L AMEHERUICBET ABEEOE 2B L, 16k
DA RIENC X DHEEENE T BT OBF BN & 2 ORMES, SbIZZENLOMEERIT HTIEE LT
BEZONDENT T A~ k% E &, ARFFEORERL & BIIZ DN TR R TN D,

% 2 3 [Synthesis of Titanium Boride Nanoparticle by RF Thermal Plasma] T, m/Ek# 77 X<ic &
HARTAT X T IR OB OV THRE LTV D, BT OR v REFREOHMI L > TH
JRLFDORERRA L, F/RFRICEDLBFVIETFZ OB AT 2R LTS, 7T
AR TRV T L MADZEZE T RAPOZRVET Z o OFERHEML TWD 2 & &R
L, ZOHEHBELTANY TARIMZELY 77 X< DFEHMA~OBURENMERE L, J /b 14 E
WIZB T DKAADOMEN L LT=TedTH D LB RXTWD, 61T, BUEMITIZ L > TFH /b 04
R ZfRIA L, ZhDLOERBREZELRL TN D,

% 3 ¥ [Synthesis of Iron Group Metals Boride Nanoparticle by RF Thermal Plasma] Ti%, @8k~ 7
A2 LD EIEEBO R LT 7 RO ERIZOWTRET LT 5, SRR EOBEINC L > TF
J R ORI, FE R DR 7 FEAEOWEMNE > TRENNS L 2D, T /7R o4
BARTAEMOBEENEINT 22 R LTS, TNHLOERERI Y, SiE&EOR VYT kL
T AT I T B RiEd LU OHIE T EEZHRE LT b,

% 4 ¥ [Synthesis of Refractory Metals Boride Nanoparticle by RF Thermal Plasma) T, &JEkE~ 7
R L DEBAEROR 7T ) i OB BRI O TRE LTV D, MR EE RO L - T
TR OB SR OR VT R OFEIG TR L, JRER R OR Y BEEFEEOHEME -
THEMT 52 L 2R LT D, HREHEEOIEINC L > TH 2R ORRBZEINT 2R LHE TS,
X BIZ, BT 212 X > CEls RS ve ) kit OEREEE I L, SofbT¥ 0 ke
TOBEB RO AR VLT Rt L B B AR AR R L TV 5,

% 5 [Synthesis of Boron Rich Boride Nanoparticle by RF Thermal Plasma] T, @& ERE T T X< (2
K27 NI =T LHDVNEA y NV U LADEER AT /R OERIC OV TR LTV D, RS
KR OERE LR UZOMEL, MEMEE, T X TR, 77 XA<vH7), BLORERREZZEZ -
BRERZITV, ENENOFRMETHERINTZEZ R V)T 2R FIC o0 T, BJ)IPRNE L LU
ERGREDBLENBEBLEL, LR Vb /R OABBEEAREL TV D,

% 6 & [Formation Mechanism of Metal Boride Nanoparticles by RF Thermal Plasma] TiZ, ZHETO
ECHONIMREERIEL, BEEAT 7 X2 X 58 RA UL F /b ORI OV TH 2
LTW5, Kb EiEakd 2 oy O AR K- C /O T/ i KB c& 5 2
EEREHL, ERYOMEHIENCIIBARIBEN R bEBERER TH D LB TND,

% 7% [Conclusions] TiE, AHFFEOMEEZRIEL, SHDOBEIZHOWVTHRITND,

fE#5 © FSCEEIT, P 2000 55 & FEIC 300 GEA LT ORI D2, b L<IZTL 800 #5a 1Rt L T<Zaw,
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RF thermal plasma is considered to be a powerful tool to produce functional metals boride nanoparticles
with high purity. The advantages are high purity due to electrodeless, large high temperature area and long
residence time. In this dissertation, parametric research was carried out to investigate the formation
mechanism of metal boride nanoparticle in RF thermal plasma experimentally and numerically. The phase
composition and size of particles can be well controlled by operation conditions.

Titanium and iron group metals borides with excellent properties are easy to produce. Nucleation
temperature plays an important role in the generating boride nanoparticles. The mass fraction of boride
decreases with increasing powder feed rate. The most important parameter for control the composition is
boron content in precursors. Experimental and numerical results show good agreement that crystalline
diameter of particles increases with powder feed rate and titanium content in feeding powders.

Synthesis of refractory metals boride is investigated and difficult due to relatively narrow temperature
gap between nucleation and melting temperatures of metal. High mass fraction of refractory metal boride is
collected from collecting filter. The most important parameter for control the composition is quenching
gas. Based on numerical simulation, metal-rich nuclei are generated at the early stage, and boron vapor
condenses on the surface of metal-rich nuclei.

Boron-rich boride nanoparticles were synthesized. The productivity is increased with high input power,
boron content in precursors and helium as inner gas. Because boron clusters are required, the content of
boride nanoparticles in final products is increased with increasing the boron content in feeding powders
and the synthesis of boron rich boride is difficult.

The formation mechanism of metal boride nanoparticle by RF thermal plasma is concluded. Gibbs free
energy, surface tension and nucleation temperature have considerable effect on the composition and

diameter of metal boride nanoparticle in RF thermal plasma.
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